Microrheology, the study of the behavior of fluids on the microscopic scale, has been and continues to be one of the most important subjects that can be applied to characterize the behavior of biological fluids. It is extremely difficult to make rapid measurement of the viscoelastic properties of the interior of living cells. Liposomes are widely used as model system for studying different aspects of cell biology. We propose to develop a microrheometer, based on real-time control of optical tweezers, in order to investigate the viscoelastic properties of the fluid inside liposomes. This will give greater understanding of the viscoelastic properties of the fluids inside cells.
INTRODUCTION
Optical manipulation exploits optical methods to manipulate process and detect micro meter-sized objects with important potential application for biology, chemistry, material science and physics. Many of the most powerful optical manipulation techniques are derived from single-beam optical traps known as optical tweezers introduced first by Ashkin [1] [2] . It is known that optical tweezers could be not only for simple manipulation but also used as a tool to probe microscopic properties of fluid [3] , since light can carry angular momentum as well as linear momentum, the transfer of angular momentum can be used to produce optical torque [4] . This method is not influenced by the size or shape of the particle or the laser beam geometry. Apart from this, rotational mode is more local since no translational motion is needed. However, no matter by displacement of the trap centre or application of a constant torque to an intrinsically or shape birefringent particle with circularly polarized incident beam, it is difficult to rapidly resolve the local viscoelastic properties of a small volume of fluid across a wide frequency range [5] . In our experiment, a birefringent particle will be trapped by linearly polarized dual beam, which is less sensitive to boundary effects and more accuracy.
By now, optical manipulation has been widely applied in many fields of biology and physics. Both the experiment and theory are devoted to investigate and extend the technique for different kinds of micro particles. Such analytical optical tweezers have become an important tool to sort and organize cells, control bacteria motion, measure torsional forces and index of refraction of micro-particles, and has transformed our understanding of numerous facts of cell biology [6] [7] [8] . In order to assess the local viscoelasticity in cells, we first ought to figure out the microrheology inside liposome. Giant unilamellar vesicles (GUVs) have been widely used as simple models for studying different aspects of real cell as they vividly mimic the feature of cell membranes which are primarily composed of phospholipids.
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MEASUREMENT OF VISCOELASTICITY
Here we describe three different methods to test viscoelasticity of the fluid in experiment. The set-up is illustrated in Figure 1 .
Passive Brownian motion
The frequency-dependent behavior of viscoelasticity fluid is expressed in the form G*(ω) = ( ) ( )
G′
is the frequency-dependent elastic modulus and
is the frequency-dependent viscous modulus [9] . It is known that the viscosity of the medium around a trapped particle is the main factor affecting the statistical distribution of the particle's time-dependent position. We adopt a generalized Langevin equation Eqn.
(1) to model the particle's position in three dimensions.
The angle φ is chosen to be the angle between the polarization of the trapping beam and the optic axis. The angular position evolves under the effects of the Hookean optical restoring torque with effective stiffness χ , the zero-mean thermal torque TH τ and the viscoelastic memory function ζ .
By the analogy with Preece et al [10] , we could get G*(ω) =
is the normalized angular position autocorrelation function (NAPAF). So with the measurement of ( ) t φ in our experiment, the viscoelasticity of the sample could be obtained, and for this experiment, only one AOM as shown in Figure 1 is needed to control the intensity of transmitted laser.
Sinusoidal Oscillation
In this experiment, the two circularly polarized beams that are mutually incoherent and of opposite handedness are incident on the particle in order to trap it, and then the particle will rotate at an angular velocity of Therefore, the viscosity η can be measured via detecting the mean squared angular displacement of the rotation particle,
For this purpose, a 633nm probe laser with circular polarization is used to detect the angular displacement of particle Figure (1) . When the circular polarization beam is incident on the particle, the polarization will be changed to be elliptical due to the birefringence of the rotation particle. The dependence of the polarization change on the angular displacement would be measured by the angular power detector placed after a linear polarizer, that the detected power P is determined by P~θ 
Wiggler-Waggler
In terms of this measurement, the particle is trapped by linearly polarized dual beams. Brownian motion will be tested in each trap to make sure consistency between two traps. Then the particle starts to rotate with a single-beam trap and switching to dual-beam trap controlled by two AOM [5] . So while the particle is rotating back to the original position, the flip is recorded. In a similar way, the complex shear modulus is defined by G*(ω) 
LIPOSOME PRODUCTION
In order to assess viscoelasticity of the micron volume fluid by trapping a particle inside the liposome, we need to put particles into the liposome as well as make liposomes. The particle could get into the liposome by both optical and chemical method. The particle can be brought into the cell by cutting a hole into the cell membrane with a femetosecond laser and trapping the particle through the hole with an optical trap [12, 13] . We test different methods of making liposome to find as discussed below Figure 2. 
Dehydration-hydration method
A lipid film is prepared by evaporation of a lipid-containing organic solvent, and then the liposomes would be formed when the film is exposed to the buffer solution with vaterites immersing in it. The advantage of this method is high yield of making liposomes while the disadvantage of this method is less controllable such as the size and layers of the membrane.
Modified electroformation procedure
1nstead of originally preparing a dry lipid film deposited on an electrode, the hydrogel stamps are used to pattern lipid deposits on ITO slides [14] . During the procedure of lipid formation, we produce a large number of monodisperse giant liposomes, the birefringent microspheres are added to buffer solution and finally are effectively encapsulated inside liposomes.
Water/oil emulsion
The inverted emulsion droplets with vaterites are transformed into giant unilamellar vesicles when they pass through the water/oil interface. The interface is prepared by using the microfluidic channels [15] . 
DISCUSSION
Boundary walls in microscopic scales sample have a non-ignorable influence on the flows of fluid and drag force on moving objects [16, 17] , so it is necessary to consider the wall effects when calculate the viscoelasticity of the fluid in the liposome. We treat the liposome as a rigid sphere, which means velocity become zero at boundary. The flow between two uniformly rotating concentric spheres has been calculated: 
where r r is the position vector, with its origin at the center of the bead. . This drag will increase if there is a surrounding stationary surface. We can write the torque in terms of an increase relative to the isolated sphere torque:
There are two simple cases. First, when the vaterite probe is at the center of the liposome, our increase in torque is given by [18] :
Second, if the vaterite is close to the liposome surface, and the liposome is much larger than the vaterite Figure 3 , we can approximate this situation as a sphere rotating next to an infinite plane wall. While we do not have a simple formula for this case, it is straightforward to calculate the increase in drag numerically [19] . Both of these cases are shown in Figure  4 . These cases provide upper and lower limits for the increase in drag for a vaterite eccentrically rotating within a liposome. 
CONCLUSION AND FUTURE PLANS
We present an initial feasibility demonstration of trapping and manipulation of a microscopic vaterite inside a liposome. The applied method is simple and can be extended to sensing within living cells.
In the future, we intend to complete our measurements with different approaches in order to optimise optical tweezers as more ideal tool access to cells and gain a better understanding on Microrheology. Furthermore, the theoretical model will improved with the goal of more precisely calculating the properties of the medium inside cell.
